Neutralization of the amount of plastic packaging waste from year to year is becoming an increasingly serious problem. Replacing some of them with the products made of biodegradable and oxo-biodegradable polymers, which may be broken down in the environment in a shorter time seems to be one solution. Polymers are used both for the production of bags for biodegradable waste, as well as shopping bags, labeled by the producers as "compostable", "biodegradable", etc. Therefore, they are often used to collect bio-waste, with which they go to the installations intended for their processing, e.g. composting plant. However, contrary to the information on the package, not all are decomposed under the conditions prevailing in composting plants. The aim of this study was to assess the degree of decomposition of selected package from biodegradable and oxo-biodegradable polymers under the actual conditions of an industrial composting plants and the possibility of contamination of the product (compost) with components originating from, among others from the additives that improve the properties of plastics and dyes. The conducted research has shown that many bags and sacks available in retail chains, contrary to the information provided, are not completely degraded in industrial composting plants, and may also become a source of heavy metal pollution.
INTRODUCTION
Plastics are a material used all over the world in many branches of industry. They have gained popularity thanks to such features as: strength, durability, flexibility, and resistance to environmental factors. However, the growing use of plastics in industry is associated with the emergence of increasing amounts of waste. The beneficial and sought-after characteristics of plastics constitute a serious problem when they become waste. Therefore, an increasing emphasis is being placed on raising the amount of materials recycled and on reducing the amount of packaging used by consumers [Act of 13 June 2013, Jacobsen et al. 2018 , Wróblewska-Krepsztul et al. 2018 . The way to reduce the amount of durable (thus resistant to decomposition processes) waste from conventional plastics may be the use in the production of biodegradable and oxo-biodegradable polymers [Bahramian et al. 2016 , Spierling et al. 2018 . Biodegradable materials should decompose under the influence of macro-and microorganisms. The oxo-degradable plastics are also decomposed with the participation of living organisms, but the initiation of the process requires an additional factor (thermal energy, UV radiation). According to the assumptions of the creators [biodeg.org, epi-global.com, okcompost.be], these polymers are to meet the requirements of plastics, that is, they are to be durable and flexible, and at the same time when they are no longer usable, they should be biodegradable in the environment, i.e., in bedding, in landfill, in compost or soil.
One of the products made of biodegradable and oxo-biodegradable polymers are the bags for organic waste or shopping bags. Some of these products have the certificates confirming their compliance with European standards [EN 13432:2000 , Wróblewska-Krepsztul et al. 2018 ], according to which, sacks (bags) should be 90% biodegradable within six months. Such products are marked as "compostable". On the other hand, sacks (bags) that were made using additives that ensure accelerated degradation in the environment (such as d2w ® or TDPA ® ) are labelled by the producers as oxo-biodegradable.
The shopping bags made of oxobio-and biodegradable polymers, due to their different composition and properties, should not be recycled together with non-biodegradable plastics. They should be subjected to biodegradation under aerobic or anaerobic conditions [Álvarez-Chávez et al. 2012 ]. Therefore, they are often used to collect bio-waste with which they can be processed. They encourage, among others things, from the information provided on them, suggesting that the bags should decompose. Their users are convinced that they support environmental protection by reusing waste. Together with bio-waste, the bags are transferred to the biological treatment plant (e.g. composting plant), in which, contrary to the information provided by the producers, not all decompose, and they are not always successfully separated from the mass of waste during tearing and separation process. The substances included in the plastics, along with compost, can infiltrate into the soil environment and then water, causing pollution. Therefore, the permissible levels of impurities (chromium, cadmium, nickel, lead, and mercury) in fertilisers, also in composts made from wastes (classified as organic fertilisers) were defined [Regulation … 2008] .
The research on various types of plastics has indicated the presence of, among others, phthalates, chlorine, phosphorus, heavy metals (zinc, cadmium, lead, nickel, copper, chromium, cobalt, iron, manganese) [Lithner et al. 2011 , Rochman et al. 2013 , Tang et al. 2015 , Pivnenko et al. 2016 . Among the additives used to manufacture plastics, there are: dyes, fillers, antioxidants, stabilizers, softeners, which can be a source of heavy metals. The agents used to dye materials are soluble dyes and insoluble pigments. They are distinguished by a high ability to selectively absorb light and can permanently colour other objects. The metallic pigments made of aluminium, copper, zinc and their alloys are commonly used for printing on foils. Stabilisers prevent degradation of the polymer under the influence of oxidation, UV radiation or elevated temperature. Soot, lead compounds and organic metal salts are used for this purpose [Hummel 2002 , Hahladakis 2018 .
Due to the wide use of compounds of various metals for the production and colouring of materials made of biodegradable and oxo-biodegradable polymers, an attempt was made to assess the possibility of environmental pollution with metals released during their decomposition [Ohidul et al. 2018a] . The results of analysis pertaining to the content of selected metals in waste sacks and shopping bags are presented in this work. The research was conducted on new and composted packaging. The aim of the research was to determine the possibilities of:
• decomposition of selected sacks and shopping bags along with biowaste collected in them, • pollutants entering the produced compost. Table 1 presents the characteristics of selected waste sacks and shopping bags, which were subject to decomposition under the actual conditions of an industrial composting plant. The sacks and bags commonly used in the trade were used. According to the manufacturers' information, all of them were made of compostable, oxo-biodegradable or biodegradable raw materials, which should be decomposed under the influence of microorganisms. The samples of about 500 cm 2 were cut out from the sacks and bags.
MATERIALS AND METHODS

Preparation of samples
According to the manufacturers' instructions, in order for an oxo-biodegradable sample to decompose, it must be exposed to UV radiation and thermal energy. In industrial composting plants, such conditions can only be obtained when collecting waste in hopper bunkers. This is impossible later on, because the reactors in which the first stage of composting is carried out are in sealed equipment, with no UV radiation. Therefore, after excision, all samples were exposed to a 36W UV lamp in 20-and 50-hour cycles, which corresponded to the storage of waste in the bunker for 2 to 5 days.
After the irradiation trial was completed, the samples were closed in coated fibreglass mesh, resistant to heat and UV rays [Bunsell 2009 ]. Individual samples were combined with clamps re-sistant to the temperatures occurring during composting. All samples prepared in this way were placed in bioreactor in industrial composting plant (inside a waste heap) [Adamcova, Vaverkova 2014] . In total, four samples were prepared for each tested sack (bag): a) new packaging, b) packaging composted without irradiation, c) packaging composted after irradiation for 20 hours, d) packaging composted after irradiation for 50 hours.
Due to the limited amount of biodegradable waste, delivered to the reactor at one time, the tested set of samples consisted of: 10 samples of new packaging, 10 samples irradiated before composting over a period of 20 hours and 10 samples irradiated before composting over a period of 50 hours. Each set consisted of 30 samples placed under similar conditions. Subsequent sets of samples were placed in the reactors, along with successive batches of waste, the composting of which was completed at a later time. The paper presents the results of testing the set of samples placed in the reactor on July 24, 2017.
After the completion of the composting process, the samples were removed from the compost heap, thoroughly washed and dried. Tap water was used for cleaning, and at the end, the samples were thoroughly rinsed with distilled water. Drying took place at room temperature. The samples that were washed out of the net, were considered completely decomposed, due to the fact that under real conditions (without the nets) it would be impossible to separate them from the composted waste.
The washed and dried samples were removed from the nets and subjected to a visual assessment, which was a supplement to the photographic documentation. Visual assessment allows to identify the changes in the appearance and structure of the samples (discolouration, surface roughness), which indicate the beginning of the decomposition process but do not affect the chemical composition of the samples yet. Then, the samples were prepared for the procedure of determining the content of selected metals.
COMPOSTING
The research on the decomposition of selected sacks for waste and shopping bags was conducted in a composting plant located in Jarocin (Waste Treatment Plant in Jarocin, Greater Poland Voivodeship, Poland). The composting plant uses the biodome technology, with a closed and actively aerated reactor, equipped with a flue gas cleaning installation. In this technology, solar radiation and process heat are used to maintain the appropriate temperature level inside the reactor, thanks to which one may reduce the electricity consumption. The composting process takes place in two stages -the first stage occurs in the reactor, the second in the prism square. The temperature measurement in the reactor is automatic. The processing capacity of the composting plant is 5200 m 3 /year. The composting plant processes a selectively collected organic fraction of municipal waste (leaves, grass, kitchen waste, fragmented branches, etc.). The selective collection of this waste in the area served by the composting plant in Jarocin has been conducted for a short time, therefore, at one time, relatively small amounts of waste are placed in the reactor, in which a limited number of plastic samples can be placed. The composting process takes about 5 months. The first stage (composting in the reactor) lasts two months, the second stage (maturation of compost) takes place in the compost heap area and lasts about 3 months, depending on the weather conditions 1 . Figure 1 shows the temperature curve during the composting of the analysed samples in the reactor of the composting plant in Jarocin. The process lasted two months, from July 24, 2017 to September 26, 2017. The course of the process was monitored and controlled. High temperature ensures hygienisation of the waste and the development of microorganisms responsible for their decomposition. Aeration of the reactor takes place automatically. After the reactor was emptied, the pre-composted material matured in compost heaps for 3 months.
Composting is the process of converting the biodegradable materials into a humus-like substance, called compost. It is a controlled process, consisting of mesophilic and thermophilic phases, and the final product is a stabilised organic matter [Shah et al. 2008 ]. The finished product, i.e.compost, can be used, for example, in agriculture as a fertilizer. It is important to note that it does not contain harmful substances that can accumulate in the soil. The plastic bags brought for composting plant should disintegrate during composting so that the remaining fragments would be difficult to identify in the finished compost [Javierre et al. 2015], and should not cause deterioration of its properties.
CHEMICAL ANALYSIS
In the selected samples, the content of constituents that could pose a threat to the environment in the event of penetration from the material into the compost, was determined.
The content of the selected components was determined in new plastic samples, in the samples subjected to composting without irradiation and The results of the research on the plastics composition were subjected to the statistical analysis using the Statistica 13.1 software package (StatSoft Poland, StatSoft, Inc. USA). Due to the possibility of one-time composting of a limited number of samples, the performed statistical analyses were divided into: new samples (marked on the charts by letter A), composted samples not subjected to irradiation (B), compressed samples irradiated with UV rays over a period of 20 hours (C) and composited samples irradiated with UV rays over a period of 50 hours (D). Too small number of observations did not enable to analyse the changes in the composition of plastics differentiating them between biodegradable and oxobiodegradable, nor individual samples.
RESULTS
During the composting process of samples made of biodegradable and oxo-biodegradable polymers, all samples No. 1 and 2 (without irradiation and after irradiation) were followed by a complete decomposition. Figure 2 shows the appearance of selected samples before composting Sample No. 3 disintegrated into distinct fragments. In the structure of the remaining samples, no such significant changes were observed. Some were slightly discoloured, became duller and roughened, but there were also the samples (Nos. 6 and 10) that retained a distinct colour and elasticity. Flexibility was also evident in samples 7 and 8.
Oxo-biodegradable samples, containing TDPA ® or d2w ® supplements exposed to irradiation (both 20-and 50-hour) showed greater structural changes than those that were not. Such observations were also made by Corti [Corti et al. 2010 ], among others, who showed that thanks to exposure to solar radiation and subsequent biodegradation of vaccinated mushrooms, the degradation process took place over a shorter period.
Other authors indicated that the composted materials with the addition of TDPA ® (crushed and mixed with waste) will decompose within 1-4 months [Raninger et al. 2002] . The research conducted in the composting plant in Jarocin did not indicate such clear changes (e.g., sample No. 5), however the trials were not fragmented.
Figures 3-5 present the results pertaining to the analyses of selected metals (sodium, potassium, calcium, magnesium, iron, manganese, zinc, copper, chromium, lead, nickel, and cadmium). The contents were determined in new plastic samples (marked with the letter A), in the samples subjected to composting without irradiation (B) and in samples subjected to irradiation for 20 (C) and 50 (D) hours.
The analysis of the content of the selected twelve metals in new samples of materials from biodegradable and oxo-biodegradable polymers indicated the highest calcium content (4044.91 mg Ca/kg on average) and potassium (196.19 mg K/kg on average). High levels of magnesium (191.86 mg Mg/kg on average), iron (135.5 mg Fe/kg on average) and zinc (97.36 mg Zn/kg on average) were also found in the materials. Nickel (2.72 mg Ni/kg on average) and cadmium (0.24 mg Cd/kg on average) were found in the smallest quantities. The knowledge on the content of the analysed components is important, as Fig. 3 . Characteristic values (average, standard deviation, minimum, maximum) of calcium, potassium, magnesium and sodium in the materials from biodegradable and oxo-biodegradable polymers those are the maximum amounts that can enter the environment during the composting process (as in all variants of samples 1 and 2, which have been completely decomposed) [Ohidul et al. 2018a ].
In the composted samples of non-irradiated packaging, calcium (5326 mg Ca/kg on average) and iron (877.06 mg Fe/kg on average) were present in the largest quantities. The plastics also contained high amounts of potassium (372.25 mg K/kg on average), sodium (201.57 mg Na/kg on average), and magnesium (185.86 mg Mg/kg on average), while lead (0.34 mg Pb/kg on average) and cadmium (0.0028 mg Cd/kg on average) were found in the smallest quantities. The changes in the content may have been caused by two mechanisms -the release of some components into the environment (causing a decrease in the content in the samples after composting -like in the case of sodium, potassium, calcium, iron, manganese and chromium contents) and the concentration of the remaining components (visible as an increase in the content in trials after composting, e.g. magnesium, lead, cadmium).
The samples irradiated with UV rays for 20 hours, after composting contained the most calcium (2175.57 mg Ca/kg on average). Iron (1492.57 mg Fe/kg on average) and potassium were found in smaller quantities (671.86 mg K/kg on average). High magnesium (297.37 mg Mg/kg on average) and copper (105.12 mg Cu/kg on average) content was also found in the samples, while lead (2.62 mg Pb/kg on average) and cadmium (0.0028 mg Cd/kg on average) were found in the smallest quantities. For new samples, the increase in the content was observed in the case of sodium, potassium, magnesium and iron, whereas calcium, zinc, lead and cadmium were characterized by a decreased content.
The samples irradiated with UV rays for 50 hours, after composting exhibited mostly iron (2795.68 mg Fe/kg on average), and calcium (2623.88 mg Ca/kg on average) content. Potassium (408.28 mg K/kg on average) and sodium (273.0 mg Na/kg on average) were also found in large quantities, while nickel (7.08 mg Ni/kg on average) and chromium (7.21 mg Cr/kg on aver- Fig. 4 . Characteristic values (average, standard deviation, minimum, maximum) of iron, manganese, zinc and copper in the materials from biodegradable and oxo-biodegradable polymers age) were found in the least amount. The presence of lead and cadmium was not detected in any of the samples. Compared to new samples, the contents of iron, potassium, sodium, manganese and nickel increased after composting, while the content of calcium, zinc, copper, chromium and nickel decreased. The conducted research on the content of selected metals in the samples of materials from biodegradable and oxo-biodegradable polymers indicated a large variation in the obtained results. The macronutrients such as: calcium, iron, magnesium, sodium, and potassium were found in the largest amounts. Although these are the elements naturally present in the environment in large quantities, supplying them to the soil together with compost from waste can lead to exceeding safe levels for the environment (e.g., in the case of trial No. 3). An example may be magnesium, the excess of which may limit the uptake of other elements, e.g., potassium. However, the excess of calcium may be manifested by the dying of plants and the higher pH disturbs the water and other components [Jaishankar et al. 2014 , Warne 2014 ].
The analysis of the heavy metals content (zinc, copper, chromium, lead, nickel, and cadmium) indicated their presence in all tested plastic samples. Most of these pollutants were in samples no. 6, 8, 9, and 10, although trial no. 6 was described by the manufacturer as made at least 85% from natural raw materials, and trials 8, 9, and 10 are oxo-biodegradable. The source of metals in the studied materials could be used for the production of additives, such as dyes, fillers, antioxidants, stabilizers or softeners. In the tested samples of oxobiodegradable and biodegradable plastics, the content of chromium and manganese was higher than that of traditional plastics (PE, HDPE, LDPE, PVC). The contents of lead, zinc and copper were similar. The cadmium contents in the tested materials were significantly lower [Ohidul et al. 2018b] . Taking into account the fact that heavy metals are able to accumulate in the environment, supplying them with compost made from waste can lead to contamination of the soil on which the compost will be used. Even if the content of heavy metals in the studied materials were not too high, the spread of their use for biowaste collection resulting in an increased share in 
CONCLUSIONS
1. Biodegradable and oxo-biodegradable sacks (or shopping bags) are readily used by consumers to collect waste for composting. However, the additives used for their production (dyes, fillers, antioxidants, stabilisers, softeners), contain heavy metals compounds (zinc, cadmium, lead, nickel, copper, chromium, cobalt, iron, manganese), which can infiltrate into the environment during biodegradation.
2. The research results presented in the work indicated that many sacks (bags) made of biodegradable and oxo-biodegradable plastics were not degraded in conditions of industrial composting. Only two of the ten analysed samples were completely degraded during composting. The third was clearly fragmented. Among those remaining, some indicated slight changes in colour or structure, but there were also the samples which did not differ significantly after composting from the new ones.
3. The results of the analysis of the content of selected metals (sodium, potassium, calcium, magnesium, iron, manganese, zinc, copper, chromium, lead, nickel and cadmium) showed wide variation, both in new plastics and after their composting. Changes in the content may have been caused by two mechanisms -the release of some components into the environment (causing a decrease in the content in the samples after composting) and the concentration of the remaining components (visible as an increase in the content in trials after composting).
4. The conducted analyses also showed the varied nature of changes in the composition of plastics, depending on the UV irradiation conducted. Some of the metals tested (chromium, lead, nickel) occurred in smaller quantities in the samples subjected to irradiation in the long term. This was particularly evident in the case of cadmium and lead, which were not found in the majority of the analysed samples (4-10) exposed to UV radiation over a period of 50 hours.
5. The research results presented in the paper indicated that the biodegradable and oxo-biodegradable plastic waste can be a source of pollution, released into the environment. Due to the varied nature of the changes identified, it is advisable to continue the research, which will enable to determine the desired method of their recovery or disposal.
